Organization of the nif genes in cyanobacteria in symbiotic association with Azolla and Anthoceros.
The sizes of endonuclease digestion fragments of DNA from cyanobacteria in symbiotic association with Azolla caroliniana or Anthoceros punctatus, or in free-living culture, were compared by Southern hybridization using cloned nitrogenase (nif) genes from Anabaena sp. PCC 7120 as probes. The restriction fragment pattern produced by cyanobacteria isolated from A. caroliniana by culture through symbiotic association with Anthoceros differed from that of the major symbiotic cyanobacterium freshly separated from A. caroliniana. The results indicate that minor cyanobacterial symbionts occur in association with Azolla and that the dominant symbiont was not cultured in the free-living state. Both the absence of hybridization to an xisA gene probe and the mapping of restriction fragments indicated a contiguous nifHDK organization in all cells of the symbiont in association with Azolla. On the other hand, in the cultured isolate from Azolla and in Nostoc sp. 7801, the nifD and nifK genes are nominally separated by an interval of unknown length, compatible with the interruption of the nifHDK operon by a DNA element as observed in Anabaena sp. PCC 7120. In the above cultured strains, restriction fragments consistent with a contiguous nifHDK operon were also present at varying hybridization intensities, especially in Nostoc sp. 7801 grown in association with Anthoceros, presumably due to gene rearrangement in a fraction of the cells.